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As  with  most  sophisticated  systems  the  demands  placed  upon  them 
continually  Increase.  This  certainly  is  the  case  for  modern  radiating 
systems  where  there  seem  to  be  ever  Increasing  demands  placed  on  the 
functions  performed,  the  pattern  requirements  desired,  as  well  as  the 
wide  bandwidth  expected.  In  this  report,  the  question  of  Improved 
pattern  performance  is  addressed.  In  order  to  approach  the  desired 
pattern  requirements  of  an  airborne  antenna  system,  the  antenna  designer 
has  been  forced  to  take  numerous  far  field  measurements  mainly  using  a 
scale  model  of  the  given  aircraft.  This  approach  has  not  been 
satisfactory  In  that  it  Is  both  expensive  and  time  consuming.  That  is 
to  say.  If  the  true  far  field  patterns  are  desired,  one  must  maintain 
and  run  continuously  a  very  large  antenna  range  (l.e.,  the  far  field  of 
a  typical  scale  model  antenna  measurements  might  be  in  excess  of  a 
thousand  feet). 

As  a  result  of  this  situation,  there  has  been  a  great  deal  of 
interest  In  determining  the  far  field  patterns  based  on  near  field 
pattern  measurements.  This  sou  t_  cry  attractive  to  the  antenna 
designer  In  that  near  field  measurements  can  be  taken  In  small  anecholc 
chambers  at  a  greatly  reduced  cost.  In  order  to  determine  the  far  field 
patterns  based  on  these  near  field  measurements,  most  of  the  attention 
has  focused  on  plane,  cylindrical,  and  spherical  wave  spectrum 
approaches.  These  solutions  offer  some  Improvement;  however,  the 
transform  from  the  near  field  to  the  far  field  is  basically  an  Integral 
relationship  which  In  Itself  can  be  tedious  and  expensive.  The  real 
solution  to  this  problem  lies  In  the  fact  that  one  must  find  a  direct 


approach  that  simply  converts  near  field  data  to  the  desired  far  field 
results.  Thus,  the  following  dilemma  prevails:  far  field  patterns  are 
desired  but  it  is  inefficient  to  measure  them  directly;  near  field 
patterns  are  much  easier  to  measure  but  inefficient  to  transform  to  the 
far  field. 

The  concept  applied  here  is  to  use  a  new  theoretical  approach  to 
this  problem  which  is  valid  in  both  the  near  and  far  field  such  that  it 
can  be  verified  by  a  near  field  measurement.  Once  this  is  accomplished, 
it  can  be  used  directly  to  compute  the  far  field  pattern.  Using  this 
concept,  one  can  very  efficiently  examine  various  antenna  designs  based 
on  far  field  pattern  requi rements.  As  interesting  configurations 
evolve,  one  can  take  various  near  field  measured  patterns  to  verify  the 
theoretical  solution.  Furthermore,  these  near  field  patterns  might  even 
be  measured  on  the  actual  aircraft  sitting  on  the  flight  line.  The 
basic  philosophy  here  is  that  one  can  use  the  numerical  solution  to 
predict  the  pattern  performance  for  a  given  application  such  that  one 
can  easily  narrow  the  alternatives  down  to  a  few  practical  solutions. 

At  this  point,  some  type  of  measurement,  either  near  or  far  field 
pattern,  could  be  made  using  either  a  scale  model  or  the  actual 
aircraft  in  order  to  verify  the  numerical  result.  Using  this  approach 
one  can  quickly  examine  various  possibilities  and  determine  an  optimum 
solution. 

The  first  major  numerical  solution  for  airborne  antenna  patterns 
concentrated  on  using  a  cylindrical  fuselage  as  described  in  References 
[1,2,3],  The  limitation  of  the  analysis  to  a  cylindrical  fuselage 
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resulted  for  two  major  reasons:  1)  the  geodesics  on  a  general  curved 
surface  are  not  straightforward,  and  2)  the  radiation  pattern  solution 
for  antennas  mounted  on  a  general  curved  surface  with  torsion  was  not 
available.  Both  of  these  obstacles  have  been  overcome  under  the 
conti nuating  support  from  the  Naval  Air  System  Command  (NASA)  contracts 
as  summarized  in  Reference  [4], 

The  geodesics  for  complex  shapes  now  can  be  efficiently  determined 
as  shown  in  Reference  [5].  Only  flat  plate  structures  need  to  be  added 
to  that  solution.  Note  that  it  has  been  shown  in  References  [1,2,3] 
that  one  can  successfully  model  complex  aircraft  structures  using  finite 
flat  plates. 

A  prolate  spheriod  was  initially  chosen  to  simulate  the  fuselage 
for  this  study,  in  that  Its  performance  is  much  easier  to  evaluate  based 
on  comparisons  with  experimental  results.  The  addition  of  an  isolated 
flat  plate  to  the  prolate  spheriod-mounted  antenna  model  was  treated  in 
Reference  [6].  Some  examples  of  that  study  are  Illustrated  in  Figures  1 
and  2.  Note  that  in  each  case  the  computed  patterns  agree  very  well 
with  the  experimental  results.  The  various  mechanisms  used  in  that 
analysis  are  illustrated  in  Figure  3  with  the  Individual  pattern 
contributions  show  In  Figure  4.  The  patterns  are  all  normalized  to  the 
same  total  pattern  maximum  so  that  one  can  get  a  feel  for  the 
significance  of  the  various  terms. 

The  isolated  plate  study  just  described  follows  standard  high 
frequency  techniques  such  that  one  might  anticipate  the  previous 
verification  for  the  solution;  however,  the  attachment  of  the  flat 


2X  x  4X  spheroid 


plate  to  the  prolate  spheriod  is  not  straightforward.  Note  that  the 
flat  plate  must  intersect  the  spheriod  in  order  to  represent,  for 
example,  the  wing-root  section  of  the  aircraft. 

The  study  to  determine  the  intersection  line  between  the  plate  and 
spheriod  was  completed  using  the  method  described  in  Reference  [7],  The 
diffractions  from  this  junction  line  had  to  be  analyzed  before  a 
complete  radiation  pattern  could  be  computed.  It  was  shown  in 
Reference  [8]  that  one  could  use  a  modification  of  the  geodesic  solution 
of  Reference  [5]  to  determine  the  illumination  of  this  curved  edge. 
Further,  It  was  found  that  the  radiation  solution  of  Reference  [9]  could 
be  used  to  predict  the  fields  incident  upon  the  edges.  The  edge 
diffracted  fields,  then,  simply  follow  the  ordinary  edge  diffraction 
results  of  Reference  [10]. 

With  the  analysis  of  the  junction  edge  completed  and  using  edge 
diffraction  concepts  presented  in  Reference  [3],  the  complete  radiation 
pattern  for  an  antenna  mounted  on  the  aircraft  could  be  computed  using 
the  prolate  spheroid  fuselage  simulation.  This  solution  was,  then, 
applied  to  previous  commercial  aircraft  simulations  for  which  measured 
results  were  already  available.  The  significance  of  this  new  solution 
is  that  the  spheroid  model  provides  the  proper  polarization  and 
curvature  effects  as  opposed  to  the  cylinder  which  models  only  one 
curvature.  Note  that  the  surface  geometry  dictates  the  polarization  of 
the  radiated  field  [9]. 

The  numerical  solution  for  the  analysis  of  airborne  antenna 
patterns  using  a  prolate  spheriod  to  simulate  the  fuselage  and  flat 


plates  to  model  the  other  appendages  has  been  successfully  completed. 
Recall  that  the  flat  plate  simulations  of  wings,  stabilizers,  engines, 
and  stores  was  very  successfully  developed  and  verified  under  our 
previous  contracts.  However,  the  prolate  spheriod  representation  of  the 
fuselage  is  not  general  enough  to  satisfactoral ly  approximate  the  wide 
variety  of  military  aircraft.  Note  that  the  prolate  spheroid  was 
analyzed  initially  to  illustrate  how  one  can  use  a  simplified  geodesic 
method  along  with  the  general  GTD  radiation  solutions  to  obtain  the 
complete  patterns  for  an  antenna  mounted  on  a  doubly  curved  surface.  The 
inadequacy  associated  with  the  prolate  spheroid  model  results  from  its 
circular  cross-section.  It  has  been  shown  in  Reference  [1]  that  an 
elliptic  cross-section  is  necessary  to  successfully  simulate  the  wide 
variety  of  aircraft  fuselage  shapes.  Since  an  elliptic  cross-section, 
as  well  as  profile  is  needed,  it  is  rather  obvious  that  one  must  use  an 
ellipsoid  in  order  to  simulate  a  general  fuselage.  Note  that  the 
near-zone  radiation  pattern  solution  for  antennas  mounted  on  a  general 
curved  surface  with  torsion  has  been  developed  under  the  NASC  contracts 
[9],  An  essential  step  in  employing  the  Uniform  Geometrical  Theory  of 
Diffraction  (UTD)  to  antenna  problem  Is  to  determine,  efficiently,  the 
geodesic  paths  on  the  curved  surface.  In  the  final  year  of  the  NASC 
contracts  (Contract  N00019-81-C-0474) ,  an  efficient,  approximate  solution 
for  the  geodesic  paths  on  the  ellipsoid  surface  has  been  obtained  [11]. 
The  geodesic  paths  were  tested  for  various  antenna  locations  on  typical 
ellipsoid  surfaces.  Another  elaborate  method  for  geodesic  paths 
employing  the  calculus  of  variations  is  also  presented  to  show  the 


validity  of  the  approximated  solution.  Figures  5-8  are  presented  in 
this  report  to  demonstrate  the  good  agreement  between  the  two  solutions. 
The  detailed  analysis  of  the  geodesic  solutions  can  be  found  in  the 
quarterly  report  [11]. 

Since  the  ellipsoid  is  not  a  surface  of  revolution,  it  is  necessary 
to  take  into  account  the  various  antenna  locations  on  the  ellipsoid 
surface.  Therefore,  the  geodesic  solution  obtained  for  the  top-mounted 
case  [11]  was  extended  to  the  more  general  case,  i.e.,  when  the  antenna 
is  side-mounted  on  the  ellipsoid  surface.  This  new  geodesic  solution 
which  is  valid  for  an  arbitrary  antenna  location  on  the  ellipsoid 
surface,  is  presented  in  a  quarterly  report  [12].  Some  typical  results 
are  presented  in  Figures  9-12.  Again,  excellent  agreement  between  the 
rigorous  and  approximate  solutions  is  obtained. 

Now  that  the  geodesic  paths  on  the  ellipsoid  surface  are  rounding 
into  shape,  the  solution  is  being  implemented  into  the  computer  code  and 
being  applied  to  obtain  radiation  patterns  for  antennas  mounted  on  the 
ellipsoid  surface.  To  check  the  validity  of  this  program,  the  radiation 
patterns  due  to  an  antenna  mounted  on  a  spheroid  surface  are  calculated 
and  presented  in  Figures  13  and  14.  It  is  found  that  the  results 
compare  well  with  that  obtained  previously  from  the  spheroid  model  [6], 
Next,  the  program  Is  being  employed  to  calculate  patterns  due  to 
antennas  mounted  on  a  ellipsoid  surface.  Typical  results  are 
presented  in  Figure  15.  For  more  numerical  results  and  geometries,  one 
is  referred  to  the  quarterly  reports  [13,14], 
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Figure  15b.  Radiation  patterns  in  elevation  plane  for 
monopole  mounted  at  $s=0°,  *  -10  on  a 


4A  x  8A  x  40 A  ellipsoid. 


UN: METERS 
1 

FQ:0.3  GHZ 
1,0. 3, 0.3 
FG: FUSELAGE 
4.  ,8. , 40 • 

0 . ,  0 . ,  0  . 

SG: MONO POLE 

0.,-10. 

1 

0  .  ,  0  . 

.1, .2,0., .01,3 


l.,0. 

PD  .-ROLL  PLANE  PATTERN  (FAR  FIELD) 
0. ,90. ,130. 

0,360,1 

T,1000. 


Figure  15c.  Radiation  patterns  In  roll  plane  for  a  short 
monopole  mounted  at  $$=0°,  Zs  *  -10  on  a 
4X  x  8X  x  40X  ellipsoid. 
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As  a  continuation  of  the  present  research  effort,  this  geodesic 
solution  for  the  ellipsoid  will  be  employed  to  construct  the  general 
radiation  solution  along  with  flat  plates  which  will  be  used  to  simulate 
the  various  appendages  done  earlier  for  the  prolate  spheriod  model.  Once 
this  numerical  solution  is  completed,  it  will  be  verified  based  on 
numerous  comparisons  with  experimental  results.  Most  of  these 
comparisons  will  be  in  terms  of  actual  aircraft  simulations  that  have 
been  used  in  the  past  for  verification  purposes. 

The  development  of  the  ellipsoid  fuselage  model  completes  the  basic 
research  effort  associated  with  the  general  topic  of  airborne  antenna 
pattern  analysis  in  terms  of  treating  perfectly  conducting  structures. 
However,  that  does  not  imply  that  all  the  basic  research  problems  in 
this  general  topic  area  have  been  resolved.  For  example,  there  has  been 
a  great  deal  of  interest  recently  in  terms  of  analyzing  the  scattering 
properties  of  dielectric  structures  such  as  an  aircraft  windshield,  an 
absorber  panel,  or  composite  material.  In  order  to  treat  these  types  of 
problems,  a  high  frequency  GTO  solution  for  the  scattering  from  finite, 
three-dimensional,  lossless  or  lossy,  dielectric  panels  has  been 
postulated  in  Reference  [15].  This  solution  needs  to  be  added  to  the 
airborne  antenna  pattern  analysis  and  verified  using  actual  aircraft 
simulations.  This  addition  to  our  numerical  solution  would  provide  a 
very  significant  improvement  over  our  previous  codes  in  that  a  whole  new 
class  of  problems  could,  then,  be  simulated  and  studied. 
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